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Abstract

The optimization of steam generator designs for Modular HTGR (MHTGR)
Concepts represents an evolution from a technology and experience base developed
in the U. S. and Europe as well as an adaptation of that base to the specific re-
Quirements of the Modular HTGR.
the requirements of the Modular HTGR in a manner consistent with the state-of-the-

The resulting steam generator concept thus meets

art for nuclear heat exchangers and pressure vessels.

Preface

The content of the presentation is based upon information used for a
presentation* at Geneva, Switzerland in June of 1986. Since the 1986
presentation, the emphasis of design activity has been on performance
analysis and its relationship to three significant design criteria:
(1) tube stresses resulting from the interaction of tubes and support
plates

(2) Bi-metallic weld temperature and

(3) stability of operation at low feedwater flow.

The results of these analyses highlight the need to fully understand
the character of the inlet helium flow and temperature distribution,
the mixing and possible bypass that occurs in the bundle and the
degree to which such considerations can be accounted for by orifices
in the tubes.

* S.A. Caspersson, A.H. Spring and P. Burgsmiiller, “Design Optimization
of Steam Generators for Modular HTGR Concepts", presented at Fourth
International ENS/ANS Conference (ENC-4), Geneva, Switzerland,

June 1-6, 1986.

1. Introduction

Steam generators for the Modular HTGR are generally based on the technology
and design solutions developed for Fort St. Vrain in the U. S. and THTR in Europe.
References 1 and 2 describe, respectively, the Fort St. Vrain and THTR Steam Gen-
erators while a companion to this paper (Reference 3) summarizes the evolution of
Sulzer's HTR Steam Generator technology.

In the discussion which follows, the relationship of the existing HTGR
Steam Generator technology to the current Modular HTGR concept is described, the
design for the MHTGR Steam Generator is described and it is compared to the Fort
St. Vrain and THTR Steam Generators.

2. Optimization

In developing a conceptual design for the MHTGR Steam Generator, the existing
design and technology basis provides an evolutionary starting point for many basic
design selections while the specific design requirements of the MHTGR lead to a
definitive steam generator design.

3. Existing Technology Basis

For existing basis for MHTGR Steam Generators consists primarily of the
Fort St. Vrain Steam Generator, the THTR Steam Generator and recent U. S. large
HTGR design and technology development programs.

Figures 2 and 3 illustrate many of the basic design selections for HTGR
Steam Generators, such as: helical tube bundle geometry, expansion zones leading
in and out of the tube bundles, and support of the tubes by radially oriented
plates. There is, however, considerable variance of the design details between
the FSV and THTR Steam Generators owing to plant specific requirements and con-

figuration differences.

The technology base for the MHTGR Steam Generator comes from over two
decades of HTGR programs as noted by the categories of information on Figure 4.

Figure 1 illustrates this optimization process.
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4. Design Requirements for the MHTGR Steam Generator

Typical design conditions and configuration requirements for the MHTGR
Steam Generator are listed on Figure 5. A significant departure from both FSV
and THTR is the selection of a steel vessel for the helium pressure boundary as
opposed to a pre-stressed concrete reactor vessel. This requirement introduces
a new dimension, since that the steel pressure vessel is intended to operate at
temperatures and pressures and with materials typical of LWR vessels. Hence,
LWR vessel technology becomes a significant portion of the MHTGR technology base.

5. Description of Conceptual Design

Figure 6 shows the general configuration of the MHTGR Steam Generator and
notes the main features and parameters of the modular concept. To provide a
frame of reference, the MHTGR Steam Generator is compared to the FSV and THTR

Steam Generators on Figure 7.
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Abstract

The description of a steam generator for the VG-400 plant per-
formed in two variants depending on g heat-exchange surface arran-—

gement: one-bundle coil and module-cassette construction is given.

1. Main Requirements for Steam Generator

In developing a detall design of a steam generator for a pi-
lot-commercial instellation with VG-400 reactor the analysis and
generalization of both home and aveilable foreign experience of
designing and operation of steam generators for NPI with HTGR was
accomplished. In NPP with HTGR operating now in the world use of
steam generators which apply as a heat surface tube bundles from
multiple helical concentrically located cylindrical coils with a
large arrangement dismeter. A manufacture of similar tube bundles
requires a special complicated equipment and long production cyc-—
le [1] . Por the installation with VG-400 reactor steam generators
are developed with an other scheme of heat-exchange surface which
is to be desgcribed below. Main requirements for the VG-400 instal-
lation steam generator design are formulated as follows:

- The design reliability ensuring a long operation of steam

generator (up to 100.000 hours) in all operating conditions of

T



